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With respect to a chemical substance, molecule is the smallest particle that is able 
to keep the primary chemical property. In recent years it is of great significance yet still 
challenging to study the electrical property of a single molecule. In brief, there are quite 
a number of issues that have impacts on charge transport through a molecule, such as 
the molecular structure, material of electrode, anchoring group, and quantum 
interference. For quantum interference in single-molecule electronics, so far most of 
the previous publications mainly focused on benzene rings and their hydrocarbon 
derivatives. On the other hand, in order to study the mechanism of charge transport 
through single-molecule junction, particularly the quantum interference, it is crucial to 
develop the instruments having ultra-high electronic characterization resolution and 
stability. During the past decades, mechanically controllable break junction (MCBJ) 
method has been widely adopted because of its advantages in stability and capability to 
tune gap size precisely in-situ. 
In this thesis, the single-molecule conductances of a series of five-membered 
heterocyclic compounds employing a home-built MCBJ instrument have been 
measured, and the influence of quantum interference on charge transport through them 
have been discussed. The contents and results are as follows: 
1. The single-molecule conductance of 1, 8-octanedithiol (ODT) was measured by a 
home-built MCBJ instrument. To test the feasibility of our MCBJ instrument in 
studying single-molecule junction, the 1D conductance histogram, 2D conductance-
distance histogram and plateau length histogram were constructed. 
2. The single-molecule conductances of a series of five-membered heterocyclic 
compounds were measured by a home-built MCBJ instrument. Compared with the 
compounds with para- connections, the single-molecule conductances of the meta- 
ones were considerably lower. Moreover, it was found that for the meta- compounds, 
















incorporated into the molecular structure. Then these observations were rationalized 
within the framework of quantum interference. 
 










































术（Scanning Tunneling Microscopy Break Junction, STM-BJ）和机械可控裂结技


















随着扫描隧道谱（Scanning Tunneling Spectroscopy, STS）的发展，扫描隧道
显微镜技术能够探索到分子尺度的电学性质。在 2003 年，Xu 等人将 STM 应用
到裂结实验中，即在导电的 STM 针尖和基底中间反复地形成断开分子结[1]。如
图 Figure 1-1 所示，在 4, 4’-联吡啶（4, 4’-Bipyridine, BPY）分子溶液中，控制金
针尖撞击 Au（111）基底，而后驱动针尖以恒定速度提拉，在远离基底过程中，
形成金原子链并断裂，如图 Figure 1-1a 和 Figure 1-1c 所示。由于 BPY 分子中
的吡啶基团能与 Au 作用，所以大量 BPY 分子会吸附在基底和针尖之间形成分
子结，随着针尖不断提拉，电极间距增大，搭在电极对上的分子不断减少直到分
子结全部断裂。在此过程中记录电导随时间（距离）的响应曲线，选取大量的台
阶曲线进行统计，得到具有峰型的柱状统计图，如图 Figure 1-1b 和 Figure 1-1d
所示。当溶液中不含分子时，针尖提拉过程中不会形成分子结，则观察不到台阶
曲线及统计峰，如图 Figure 1-1-e 和 Figure 1-1f 所示。 
 
 
Figure 1-1. (a) A gold contact between STM tip and substrate. (b) A conductance 
histogram shows conductance quantization. (c) The formation of molecular junction 
















away from the substrate. (d) The conductance histogram of 4, 4’-bipyridine junction. 







（Break Junction, BJ）过程结束。BJ 过程中会在针尖与基底之间加上固定偏压，
记录电流留作后续分析。成千上万次的 BJ 过程得到足够的数据信息供后续统计






上世纪 90 年代早期，Muller 等人采用 MCBJ 技术研究了多种金属的量子电导现
象，证明了 MCBJ 的构型能够建立稳定的原子点接触以及精确调控电极对间的
纳米间隙[7]。接着 Reed 等人将 MCBJ 技术拓展到单分子结电导测试中。将一根
带有切口的金丝固定在可弯曲柔性基底上，浸入之前配备好的 1, 4-苯二硫酚（1, 
4-Benzene-dithiol, BDT）分子溶液中，如图 Figure 1-2a 和 Figure 1-2c 所示。由
于 BDT 分子中的硫醇基团能与 Au 作用，使目标分子 BDT 自组装到两个电极表
面，如图 Figure 1-2d 所示。控制基底底部步进电机上顶，使基底弯曲，从而带
动拉伸金丝，使金丝在切口处不断变细直至断裂形成电极对，如图 Figure 1-2b
和 Figure 1-2e 所示。然后回退步进电机使两个电极慢慢靠拢，如图 Figure 1-2f
所示。根据目标分子的长度控制步进电机的行进距离，在电极对开合的过程中分
子结不断地形成与断开，此时检测通过分子结的电流随电路两端所加偏压的变化，


















Figure 1-2. (a) A schematic of MCBJ setup. (b) Benzene-1, 4-dithiolate junction. (c) A 
gold wire before breaking. (d) Benzene-1, 4-dithiol SAM form on gold wire. (e) A gold 
wire break into two contacts. (f) The gold contacts are moved together.[8] 
 
MCBJ 方法的核心是芯片，现以切口金属线（Notched wire）芯片为例对 MCBJ
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